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(54) System consisting of a microphone and a preamplifier 

(57) A system, more particularly a hearing aid, con- 
sisting of a microphone and a preamplifier, wherein the 
microphone comprises a housing having therein an 
opening to the surroundings, a diaphragm and a back- 
plate, while the amplifier is coupled to the system con- 
sisting of the diaphragm and the backplate and has a 
field effect transistor as input element. In the housing, in 
a space which is bounded by, on the one hand, the dia- 
phragm and, on the other, the housing wall, and which 6 
does not comprise the opening to the surroundings, a 
pressure equalization opening is present, which has a 
diameter such that in the audible audiospectrum it does 
not make an essential contribution to the suppression of 5 
low frequencies. In the input stage of the amplifier, at 
the output of the field effect transistor, a low-pass filter 
or a high-pass filter or a combination thereof is 
arranged. Through this measure, the frequency charac- 
teristic can be optimally influenced to suppress noise. 
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Description 

[0001] This invention relates to a system consisting of 
a microphone and a preamplifier, wherein the micro- 
phone comprises a housing having therein an opening 
to the surroundings, a diaphragm and a backplate, while 
the amplifier is coupled to the system consisting of the 
diaphragm and the backplate and has a field effect tran- 
sistor as input element. 

[0002] The microphone is more particularly the micro- 
phone of a hearing aid. Such microphones and the 
associated amplifiers have been miniaturized further 
and further over the last years, so that, for instance, they 
can be accommodated inside, instead of outside, the 
ear, or even in the auditory duct. According as a micro- 
phone is smaller, its capacitance is generally lower. 
Since the noise produced by an amplifier is inversely 
proportional to the capacitance at the input thereof, 
such miniaturization of the microphone has as a draw- 
back that the noise thereof increases more and more 
and has actually become dominant with respect to the 
noise of the amplifier, which used to be determinative. In 
the microphone, in the partition between the so-called 
front volume, which communicates with the surround- 
ings via an opening sometimes referred to as the 
"snout", and the back volume, closed off with respect to 
the surroundings, a pressure equalization opening is 
present, which ensures that the back volume is not 
going to function as a barometer, thereby adversely 
affecting the operation of the microphone. The size of 
this pressure equalization opening also influences the 
noise behavior, because, in acoustic terms, it consti- 
tutes a resistance, and must therefore be dimensioned 
very accurately, with tolerances in the order of microm- 
eters, which is a great technical problem. 
[0003] For influencing the frequency behavior of a 
miniature microphone and improving the noise behav- 
ior, further, in the snout, often an element, such as a 
gauze or a drop of glue, is provided to attenuate high 
frequencies. Such elements can become soiled, for 
instance by earwax, so that not only the snout may 
become clogged, but also the frequency behavior is 
uncontrollably influenced. 

[0004] Finally, a miniature microphone has a fre- 
quency response with a resonance peak in the audible 
high-frequency range, which also affects the noise 
behavior adversely. If the resonance peak is placed out- 
side the audible frequency range, this, in turn, has yet 
other adverse consequences for the noise behavior. 
[0005] The object of the invention, according to a first 
aspect, is to provide a solution to the above-outlined 
problems with noise in the low-frequency range, and to 
that end the invention provides, in a first embodiment, a 
system of the above-mentioned kind, wherein in the 
housing, in a space which is bounded by, on the one 
hand, the diaphragm and, on the other, the housing wall 
and which does not comprise the opening to the sur- 
roundings, a pressure equalization opening is present, 



which has a diameter such that in the audible 
audiospectrum it does not make an essential contribu- 
tion to the suppression of low frequencies, and wherein, 
in the input stage of the amplifier, at the output of a MOS 
5 field effect transistor forming the input element, a high- 
pass filter is arranged. 

[0006] According to this first aspect of the invention, 
either a pressure equalization hole is made in a housing 
wall instead of in the diaphragm, or the pressure equal- 

w ization hole in the diaphragm is made so small, for 
instance about 20 fim, that it does not make any appre- 
ciable contribution to the noise. This has as a conse- 
quence, however, that the low-frequency filtering, which 
is usually obtained with the pressure equalization hole, 

15 is also lost. Low frequencies are not of importance for 
the audibility of speech and can, if they are not sup- 
pressed, lead to overloading of the hearing aid. There- 
fore, according to the invention, this low-frequency 
filtering has been moved to the preamplifier coupled to 

20 the transducer. The noise of an amplifier is also 
inversely proportional to the root of the real part of the 
impedance at the input thereof, so that a high input 
impedance, as with a MOS-FET, is favorable to the 
noise behavior. 

25 [0007] A further object of the invention, according to a 
second aspect, is to provide a solution to the above-out- 
lined problems with noise in the high-frequency range, 
and to that effect, the invention provides a system of the 
above-mentioned kind, wherein in the amplifier, a low- 

30 pass filter coupled to the output of a MOS field effect 
transistor forming the input element is arranged. Prefer- 
ably, the filter is a second-order active filter. According 
to a first variant, the filter has an externally settable filter 
curve, that is, a settable cut-off frequency and/or quality 

35 factor. The components determining the filter curve can 
be arranged both in the microphone housing and out- 
side thereof. 

[0008] An important advantage of the use of an elec- 
tronic filter for cutting off high frequencies is that it 

40 affords greater freedom in positioning the resonance 
peak in the response characteristic of the microphone 
and also that this position does not need to be as accu- 
rate. This resonance peak can be influenced by varying 
the stiffness of the diaphragm and/or varying the dis- 

45 tance between the backplate and the diaphragm. In 
microphones without electronic filtering, the resonance 
peak is placed in the audible frequency range to enable 
attenuating noise of frequencies above that of the reso- 
nance peak. In the use of the invention, the resonance 

50 peak can be placed outside the audible range and with 
the aid of the electronic filter a virtually flat frequency 
response in the desired audible frequency range can be 
realized. Further, it is no longer necessary to provide 
elements in the snout to influence the frequency behav- 

55 ior. Through all these measures, the microphone cap- 
sule can be fabricated more cheaply, because fewer 
parts and/or manufacturing steps are needed, and the 
tolerances for the positions or dimensioning of a number 
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of parts of the microphone do not need to be as accu- 
rate. 

[0009] In addition to hearing aids, telecommunication 
equipment also forms a field of application of the micro- 
phone according to the invention. 5 
[0010] The invention will be further explained in the 
following, on the basis of an exemplary embodiment, 
with reference to the drawing. In the drawing: 

Fig. 1 is a schematic view of a microphone accord- w 
ing to the invention; 

Fig. 2 is a frequency characteristic of a conven- 
tional microphone; 

Fig. 3 is an electronic diagram of a possible pream- 
plifier according to the first embodiment of the is 
invention; 

Fig. 4a is an electronic diagram of a possible 
preamplifier according to a second embodiment of 
the invention; and 

Fig. 4b is a diagram in a more general form of the 20 
circuit according the second embodiment. 

[0011] Fig. 1 shows an exploded view of a microphone 
of the electret type, in which the invention can be 
applied, it is noted with emphasis, however, that the 25 
invention is applicable with any microphone in which the 
noise of the pressure equalization hole has a great influ- 
ence on the overall noise of the microphone. The micro- 
phone comprises a first, box-shaped member 1, to 
which is connected a sound inlet opening, the so-called 30 
snout 2. In the box 1 , a backplate 3, known per se, is 
mounted, and above the backplate, spaced therefrom, 
the diaphragm 4 is mounted in or on the circumferential 
edge of the box 1 . Arranged above the diaphragm 4 is a 
mounting plate 5, on which the hybrid electronic circuit 35 
6 is mounted. In the mounting plate, a hole is provided 
to enable connecting the circuit 6 electrically with the 
diaphragm. The housing is closed with the aid of a cover 
7. The portion which is located "above" the diaphragm 
in the figure, that is, the mounting plate 5, the hybrid cir- 40 
cuit 6 and the cover 7, jointly form the so-called back 
volume of the housing, which is closed off from the sur- 
roundings, in contrast to the volume communicating 
with the surroundings via the snout 2. To prevent the air 
chamber present in the back volume from going to work 45 
as a barometer and disturbing the functioning of the 
microphone, it is conventional to provide in the dia- 
phragm 4, for instance in the center thereof, a pressure 
equalization opening, of a diameter of a few tens to hun- 
dreds of urn. The above-described microphone is of a 50 
conventional type and is sold by applicant in the so- 
called "90-series". It is known that the diameter of the 
pressure equalization hole has an influence on the low- 
frequency behavior of the microphone. 
[0012] Fig. 2 shows this influence of the diameter of 55 
the pressure equalization opening on the frequency 
characteristic. In this figure, curve I shows the transmis- 
sion at a hole diameter of 49 ^m, curve II at a hole diam- 



eter of 93 jim, and curve III at a diameter of 150 urn. 
This figure clearly shows that by selecting the hole 
diameter, the frequency characteristic for low frequen- 
cies can be given the desired shape in a simple manner. 
According to the invention, the diameter of the hole in 
the diaphragm 4 is, for instance, 30 urn or less, so that 
the crossover point below which frequency loss occurs 
comes to lie outside the audible audiospectrum, for 
instance at 20 Hz. Another possibility is not to provide a 
pressure equalization hole in the diaphragm but to pro- 
vide an acoustic filter in the wall portion 7 of the housing 
which, together with the diaphragm, forms the back vol- 
ume, so that the hole does not have any influence on 
the frequency characteristic. This acoustic filter can 
have the form of a tube or a small aperture. Measure- 
ment has shown that when the pressure equalization 
hole is reduced in this way or moved to the housing wall, 
the microphone's inherent noise decreases by about 6 
dB. 

[001 3] An additional advantage of the invention is that 
by the choice of either a very small diameter of the pres- 
sure equalization hole, or the provision thereof in a 
housing wall, the tolerance of the diameter of this hole 
no longer plays a role. The increasing quality require- 
ments imposed on microphones in respect of low-fre- 
quency behavior require a hole diameter of, for 
instance, 50 \im with a tolerance of, for instance, 1 ^m, 
which is very difficult to realize. In the invention, this 
problem no longer plays a role because the equality of 
the low-frequency filters, as they can now be accommo- 
dated in an IC for the preamplifier, is by definition large. 
[0014] Also in the use of paired microphones, which at 
present is conventional in hearing aids to improve the 
directional response pattern, it is an advantage that the 
low-frequency behavior is no longer determined by the 
microphone itself, but by an external filter, because in 
such paired microphones very stringent requirements 
are imposed on the equality of the phase and frequency 
characteristic. 

[0015] Fig. 3 schematically shows a first embodiment 
of a preamplifier which can be used in the system 
according to the invention. The amplifier is built up 
around two MOS-FETs 31 and 32, which are fabricated 
in CMOS technique, which makes it possible to give the 
MOS-FET 31 an input resistance of a few TeraOhms 
and an input capacitance of only 1 .6 pF. Other input ele- 
ments having a high input impedance are also applica- 
ble, of course, and it is also possible to include the two 
stages of the amplifier in different techniques and even 
in different integrated circuits. The high-pass filter is 
realized by the capacitor 33 and the resistor 34 at the 
input of MOS-FET 32. With these components, the 
desired low-frequency crossover point can be fixed very 
easily, because they can be manufactured accurately in 
IC technique. The value of the capacitor 33 in practice 
amounts to a few hundreds of pF and the value of the 
resistor 34 a few Ma At the output of MOS-FET 32, the 
amplified microphone signal is available for further 
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processing. 

[0016] The assembly of microphone and amplifier 
functions optimally from a noise suppression point of 
view, because the signal is attenuated for low frequen- 
cies only at a late stage. In addition, by the filter consist- 
ing of the capacitor 33 and the resistor 34, also low- 
frequency noise of the input section of the amplifier is 
attenuated. In practice, with the measures according to 
the invention, an improvement of the noise behavior of 
about 6 dB has been found to be possible, which, in 
terms of hearing, corresponds to a halving of the 
observed noise. 

[0017] Fig. 4a shows the circuit according to Fig. 3, in 
which now, according to the second embodiment, a sim- 
ple variant of a low-pass filter 35 in the form of a capac- 
itor 36 is arranged. 

[0018] Fig. 4b shows more schematically that the low- 
pass filter 35 can be integrated into the amplifier proper 
or outside thereof, accommodated in the microphone 
housing or not. Further, the filter can be externally set- 
table via 37, both as regards cut-off frequency and qual- 
ity factor. Setting can be done manually, or the filter, if it 
is suited therefor, can be programmed by means of a 
serial or parallel interface. Various solutions to that end 
are well known to those skilled in the art of electronics. 
[0019] Naturally, the variants of the first and second 
embodiment of the invention can be very well combined 
with each other to realize a microphone with a fully elec- 
tronically settable frequency characteristic. 

Claims 

1 . A system consisting of a microphone and a pream- 
plifier, wherein the microphone comprises a hous- 
ing having therein an opening to the surroundings, 
a diaphragm and a backplate, while the amplifier is 
coupled to the system consisting of the diaphragm 
and the backplate and has a field effect transistor 
as input element, characterized in that in the hous- 
ing, in a space which is bounded by, on the one 
hand, the diaphragm and, on the other, the housing 
wall, and which does not comprise the opening to 
the surroundings, a pressure equalization opening 
is present, which has a diameter such that in the 
audible audiospectrum it does not make an essen- 
tial contribution to the suppression of low frequen- 
cies, and wherein, in the input stage of the amplifier, 
at the output of a MOS field effect transistor forming 
the input element, a high-pass filter is arranged. 

2. A system according to claim 1 , characterized in that 
the pressure equalization hole is provided in the 
diaphragm and has a diameter that is less than 30 

|im. 

3. A system according to claim 1 , characterized in that 
the pressure equalization hole is provided in said 
housing wall. 



4. A system consisting of a microphone and a pream- 
plifier, wherein the microphone comprises a hous- 
ing having therein an opening to the surroundings, 
a diaphragm and a backplate, while the amplifier is 

5 coupled to the system consisting of the diaphragm 

and the backplate and has a field effect transistor 
as input element, characterized in that in the ampli- 
fier a low-pass filter coupled to the output of a MOS 
field effect transistor forming the input element is 

10 arranged. 

5. A system according to claim 4, characterized in that 
the low-pass filter is a second-order filter. 

15 6. A system according to claim 4 or 5, characterized in 
that the cut-off frequency and/or the quality factor of 
the filter is externally settable. 

7. A system according to claim 4, wherein the micro- 
20 phone has a frequency response with a resonance 

peak, characterized in that the resonance peak lies 
outside the audible frequency range. 

8. A system consisting of a microphone and a pream- 
25 plifier, wherein the microphone comprises a hous- 
ing having therein an opening to the surroundings, 
a diaphragm and a backplate, while the amplifier is 
coupled to the system consisting of the diaphragm 
and the backplate and has a field effect transistor 

30 as input element, characterized in that in the hous- 
ing, in a space which is bounded by, on the one 
hand, the diaphragm and, on the other, the housing 
wall, and which does not comprise the opening to 
the surroundings, a pressure equalization opening 

35 is present, which has a diameter such that in the 
audible audiospectrum it does not make an essen- 
tial contribution to the suppression of low frequen- 
cies, and wherein, in the input stage of the amplifier, 
at the output of a MOS field effect transistor forming 

40 the input element, a high-pass filter is arranged, 
and in the amplifier a low-pass filter coupled to the 
output of the MOS field effect transistor is arranged. 

9. A system according to claim 8, characterized in that 
45 the pressure equalization hole is provided in the 

diaphragm and has a diameter that is less than 30 
jim. 

10. A system according to claim 8, characterized in that 
50 the pressure equalization hole is provided in said 

housing wall. 



11. A system according to claim 8, characterized in that 
the low-pass filter is a second-order filter. 

55 

12. A system according to claim 8 or 1 1, characterized 
in that the cut-off frequency and/or the quality factor 
of the filter is externally settable. 
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13. A system according to claim 8, wherein the micro- 
phone has a frequency response with a resonance 
peak, characterized in that the resonance peak lies 
outside the audible frequency range. 
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